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. _ A solar cell module is provided With at least one poWer 

(73) Asslgnee' (JP)KABUSHIKI KAISHA’ conversion unit having a plurality of solar cell elements and 
a poWer converter provided in a position corresponding to a 

21 A 1' N ‘I 10 729 006 region surrounded by all the solar cell elements. Because the 
( ) pp 0 / ’ Wiring distance from the output terminal of each solar cell 
(22) Filed: Dec_ 8 2003 element up to the input terminal of the poWer converter can 

’ be shortened, it is possible to reduce the loss of a Wiring 
(30) Foreign Application Priority Data through Which a loW-voltage large current ?oWs and provide 

an inexpensive solar cell module having a less collecting 
Dec. 13, 2002 (JP) .................................... .. 2002-361986 loss betWeen the solar cell element and the power converter. 
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SOLAR CELL MODULE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a solar cell module 
having a plurality of solar cell elements and a poWer 
converter or a solar cell module having a plurality of solar 
cell elements and a terminal box. 

[0003] 2. Related Background Art 

[0004] In recent years, many solar poWer generation sys 
tems are set each of Which converts DC poWer generated by 
a solar cell into AC poWer by a poWer converter and supplies 
the AC poWer to a domestic load and/or a commercial poWer 
system (hereinafter referred to as “system”). 

[0005] Moreover, a solar cell module in Which a small-siZe 
poWer converter (hereinafter referred to as “poWer con 
verter”) referred to as MIC (Module Integrated Converter) 
for converting the poWer generated by a solar cell is set to 
a surface (hereinafter referred to as “back” or “non-light 
receiving surface”) of a solar cell on a side opposite to the 
light-receiving surface of the solar cell is expected as a 
small- or medium-scale solar poWer generation system or 
emergency poWer source. 

[0006] Above all, development of a solar cell module 
(such as AC module) in Which a poWer converter for 
converting the DC poWer generated by a solar cell into AC 
poWer or voltage-converting DC poWer is integrally pro 
vided With the enclosure of a solar cell is noticed. 

[0007] The above solar cell module inputs an output 
poWer from a solar cell module composed of a plurality of 
solar cell elements connected in series to a poWer converter 
mounted on the non-light-receiving surface of the solar cell 
module and the poWer converter outputs the output poWer as 
AC poWer. A solar cell module is disclosed in Japanese 
Patent Application Laid-Open No. H9-271179 as an 
example. 

[0008] HoWever, the above-described prior art has the 
folloWing problem. 
[0009] As a typical example, FIGS. 2 and 3 respectively 
shoW a solar cell module integrated With a poWer converter. 

[0010] In this case, for example, a plurality of solar cell 
elements 202 and 302 are connected in series by connection 
members (204: connection member, 304: connection mem 
ber) in a solar cell module and poWer is collected in poWer 
converters 203 and 303, the DC poWer generated by solar 
cells is converted into AC poWer and the AC poWer is output. 

[0011] According to the above con?guration, because 
many solar cell elements are sequentially connected in 
series, members for series connection are necessary by 
almost the number of solar cell elements. Moreover, it is 
necessary to extend a collecting member up to a poWer 
converter and use a complex connection step. 

[0012] Therefore, in order to minimiZe the number of solar 
cells to be connected in series, it is considered to increase a 
solar cell element in area and poWer generation capacity. 

[0013] Ultimately, as described in Markus Wuest, Peter 
ToggWeiler, Jon Riatsch: SINGLE CELL CONVERTER 
SYSTEM (SCCS), First WCPEC, HaWaii, December 5-9, p. 
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813-815, 1994, a method for connecting one poWer con 
verter to one solar cell element to take out an output is 
proposed. 
[0014] In the case of the above con?guration, hoWever, a 
problem occurs that a collecting loss from each portion of a 
solar cell element up to a poWer converter is increased as an 
output current is increased due to increase of a solar cell 
element in area. 

[0015] The above problem becomes more remarkable as 
the area of a solar cell element increases and an output 
current increases. 

[0016] Moreover, it is considered that the above poWer 
converter controls itself by using the output poWer of a solar 
cell element. 

[0017] In this case, the optimum operating voltage of one 
general solar cell element ranges from 0.7 to 1.4 V. HoW 
ever, a voltage of 3.3 or 5 V is usually necessary in order to 
operate devices in the control circuit of a poWer converter. 

[0018] In the case of the above method such as SCCS, it 
is considered to boost the optimum operating voltage of a 
solar cell element to 3.3 or 5 V by using a poWer IC. In the 
case of the above boosting from a loW voltage, hoWever, a 
conversion ef?ciency is greatly loWered to 50 to 70% When 
using a simple circuit and this causes the Whole system 
ef?ciency to loWer. 

[0019] Moreover, a complex circuit is necessary to 
improve the conversion ef?ciency and therefore, a problem 
occurs that the system cost is increased or a poWer converter 
is increased in siZe. 

[0020] Therefore, in order to solve the above problems, it 
is effective to connect a plurality of solar cell elements in 
series and make boosting of a voltage for generation of a 
poWer-converter control voltage unnecessary. 

SUMMARY OF THE INVENTION 

[0021] The present invention has been made to solve the 
problems of the above-described prior art and its object is to 
provide an inexpensive solar cell module having a less 
collecting loss from a solar cell element to a poWer con 
verter. 

[0022] Moreover, it is an object of the present invention to 
provide a solar cell module having a converter With a less 
control poWer source generation loss. 

[0023] A ?rst invention for solving the above problems is 
a solar cell module provided With at least one poWer 
conversion unit having a plurality of solar cell elements and 
a poWer converter provided in a position corresponding to a 
region surrounded by all the solar cell elements. 

[0024] In the ?rst invention, the present invention includes 
the folloWing as its preferable mode: 

[0025] “at least tWo of the poWer conversion units are 
included and each poWer converter is electrically 
connected to a poWer converter of an adjacent poWer 
conversion unit”, 

[0026] “outputs of the solar cell elements are inputted 
to poWer converters respectively corresponding to 
the solar cell elements and the poWer converters 
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convert the inputted outputs of the solar cell ele 
ments and output the converted outputs”, 

[0027] “all output terminals of the solar cell elements 
are electrically connected to all input terminals of the 
poWer converters corresponding to the output termi 
nals, respectively”, 

[0028] “the input terminals of the poWer converters 
are provided on the same and one surface” and 

[0029] “photovoltaic layers of the solar cell elements 
have pn junctions or pin junctions of tWo or more 
layers”. 

[0030] Asecond invention for solving the above problems 
is a solar cell module provided With at least one poWer 
conversion unit having a plurality of solar cell elements 
arranged on a plane and a poWer converter, in Which the 
poWer converter is provided in a position of minimizing the 
sum of all collecting losses When collecting the poWer 
generated by the solar cell elements to the poWer converter. 

[0031] A third invention for solving the above problems is 
a solar cell module provided With at least one poWer 
conversion unit having a plurality of solar cell elements 
arranged on a plane and a poWer converter, in Which the 
solar cell elements have terminal members and the poWer 
converter is arranged in the closest position betWeen the 
terminal members in a state of arranging the solar cell 
elements. 

[0032] A fourth invention for solving the above problems 
is a solar cell module provided With at least one poWer 
conversion unit having a plurality of solar cell elements 
arranged on a plane and a poWer converter, in Which the 
solar cell elements have terminal members and the poWer 
converter is arranged in the closest position betWeen the 
terminal members in a state of arranging the solar cell 
elements and in a position of minimiZing the sum of all 
collecting losses When collecting the poWer generated by to 
the poWer converter. 

[0033] A ?fth invention for solving the above problems is 
a solar cell module provided With at least one poWer 
conversion unit having tWo adjacent solar cell elements and 
a poWer converter provided in a position corresponding to a 
region on the extension of a gap betWeen the tWo adjacent 
solar cell elements. 

[0034] In the ?fth invention, the present invention 
includes the folloWing as its preferable mode: 

[0035] “at least tWo of the poWer conversion units are 
included and each poWer converter is electrically 
connected to a poWer converter of an adjacent poWer 
conversion unit” and 

[0036] “outputs of the tWo adjacent solar cell ele 
ments are input to the poWer converter correspond 
ing to the solar cell elements and the poWer converter 
converts the inputted outputs of the tWo adjacent 
solar cell elements and outputs the converted out 
puts. 

[0037] A siXth invention for solving the above problems is 
a solar cell module provided With at least one poWer 
generation unit having a plurality of solar cell elements and 
a terminal boX provided in a position corresponding to a 
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region surrounded by all the solar cell elements to collect 
outputs of the solar cell elements. 

[0038] In the siXth invention, the present invention 
includes the folloWing as its preferable mode: 

[0039] “at least tWo of the poWer generation unit are 
included and each poWer generation unit is electri 
cally connected to the terminal boX of an adjacent 
poWer generation unit.” 

[0040] A seventh invention for solving the above prob 
lems is a solar cell module provided With at least one poWer 
generation unit having tWo adjacent solar cell elements and 
a terminal boX provided in a position corresponding to a 
region on the extension of a gap betWeen the tWo adjacent 
solar cell elements to collect outputs of the tWo adjacent 
solar cell elements. 

[0041] In the seventh invention, the present invention 
includes the folloWing as its preferable mode: 

[0042] “at least tWo of the poWer generation unit are 
included and each poWer generation unit is electri 
cally connected to the terminal boX of an adjacent 
poWer generation unit”. 

[0043] As described above, according to the present 
invention, it is possible to provide a solar cell module having 
a less poWer loss. 

[0044] Other features and advantages of the present inven 
tion Will be apparent from the folloWing description taken in 
conjunction With the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0045] FIG. 1 is a schematic vieW shoWing an eXample of 
a solar cell module of the present invention; 

[0046] FIG. 2 is a schematic vieW shoWing an eXample of 
a conventional solar cell module; 

[0047] FIG. 3 is a schematic vieW shoWing an eXample of 
a conventional solar cell module; 

[0048] FIG. 4 is a schematic sectional vieW of an eXample 
of a solar cell module used for the present invention; 

[0049] FIG. 5 is a schematic sectional vieW of an eXample 
of a solar cell element used for the present invention; 

[0050] FIG. 6 is a schematic vieW of an eXample of a solar 
cell element used for the present invention; 

[0051] FIG. 7 is a schematic vieW of an eXample of an 
input terminal pattern of a poWer converter used for the 
present invention; 

[0052] FIG. 8 is a schematic vieW of an eXample of an 
input terminal pattern of a poWer converter used for the 
present invention; 

[0053] FIG. 9 is a schematic vieW of an eXample of a 
poWer converter used for the present invention; 

[0054] FIG. 10 is a schematic vieW of an eXample of an 
input terminal portion of a poWer converter used for the 
present invention; 

[0055] FIG. 11 is a schematic vieW of an eXample of a 
poWer conversion unit used for the present invention; 
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[0056] FIG. 12 is a schematic vieW of an example of a 
terminal portion of a solar cell element used for the present 
invention; 
[0057] FIG. 13 is a layout diagram of an example of a 
solar cell element of a poWer conversion unit used for the 
present invention; 

[0058] FIG. 14 is a schematic vieW shoWing an example 
of a solar cell module of the present invention; 

[0059] FIG. 15 is a schematic vieW shoWing an example 
of a solar cell module of the present invention; 

[0060] FIG. 16 is a schematic vieW shoWing an example 
of a solar cell element used for the present invention; 

[0061] FIG. 17 is a schematic vieW shoWing an example 
of a solar cell module of the present invention; 

[0062] FIG. 18 is a schematic sectional vieW of an 
example of a solar cell module of the present invention; 

[0063] FIG. 19 is a layout diagram shoWing an example of 
a layout of solar cell elements of a poWer conversion unit 
used for the present invention; 

[0064] FIG. 20 is a schematic vieW of an example of an 
input terminal portion of a poWer converter used for the 
present invention; 

[0065] FIG. 21 is a schematic vieW of an example of a 
poWer conversion unit of the present invention; 

[0066] FIG. 22 is a layout diagram shoWing an example of 
a layout of solar cell elements of a poWer conversion unit 
used for the present invention; 

[0067] FIG. 23 is a schematic vieW of an example of an 
input terminal portion of a poWer converter used for the 
present invention; 

[0068] FIG. 24 is a schematic vieW of an example of a 
poWer conversion unit of the present invention; 

[0069] FIG. 25 is a schematic vieW of an example of a 
poWer converter used for the present invention; 

[0070] FIG. 26 is a schematic vieW of an example of a 
solar cell module of the present invention; 

[0071] FIG. 27 is a schematic vieW of an example of a 
solar cell element used for the present invention; 

[0072] FIG. 28 is a layout diagram shoWing an example of 
a layout of solar cell element used for the present invention; 
and 

[0073] FIG. 29 is a schematic sectional vieW of an 
example of a solar cell module of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0074] Embodiments of the present invention are 
described beloW by referring to the accompanying draWings. 
HoWever, the present invention is not restricted to the 
embodiments. 

[0075] For example, a solar cell element, poWer converter, 
and solar cell module of the present invention are described 
beloW. HoWever, the scope of the present invention is not 
restricted to the folloWing described cases. 
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[0076] The outline of a solar cell module 101 is ?rst 
described, then a solar cell element 102 and a poWer 
converter 103 are described and ?nally a method for fabri 
cating a poWer conversion unit or a solar cell module using 
the solar cell element 102 and poWer converter 103 is 
described. 

[0077] FIG. 1 is a schematic vieW shoWing a con?gura 
tion example of the solar cell module 101 of an embodiment 
of the present invention. 

[0078] Moreover, FIG. 4 is a schematic sectional vieW of 
the solar cell module 101. 

[0079] Furthermore, a con?guration of the solar cell mod 
ule 101 is described beloW by using FIGS. 1 and 4. 

[0080] In this case, a solar cell module body 401 is 
constituted by a Weather resistant ?lm 402, a ?ller 403, a 
plurality of poWer conversion units 106, a ?ller 405 and a 
back reinforcement 406. 

[0081] The Weather resistant ?lm 402 is set to the light 
receiving surface of the body 401 and a plurality of poWer 
conversion units 106 are set in the body 401. 

[0082] Transparent ?llers 403 and 405 are arranged 
around the poWer conversion units 106 to ?x the poWer 
conversion units 106. 

[0083] Moreover, a back reinforcement 406 for reinforce 
ment is set to the back at the opposite side to the light 
receiving surface of the solar cell module body 401. 

[0084] Furthermore, each poWer conversion unit 106 is 
constituted by a plurality of solar cell elements 102 and a 
poWer converter 103 surrounded by all solar cell elements in 
the poWer conversion unit as shoWn in FIG. 1. Thus, in the 
case of the present invention, a position corresponding to a 
region surrounded by all solar cell elements in a poWer 
conversion unit denotes the center of a layout of solar cell 
elements When constituting a poWer conversion unit by three 
or more solar cell elements (the con?guration in FIG. 1 is 
applied to this case). In the case of a poWer conversion unit 
in Which tWo solar cell elements are arranged like the case 
of Example 2 to be described later, the position denotes the 
portion betWeen the solar cell elements. 

[0085] Furthermore, poWer converters 103 adjacent to 
each other are connected by a lead Wire 404, the collected 
electricity is connected to another poWer converter 105 and 
taken out to the outside by a solar cell module. 

[0086] (Solar Cell Element) 
[0087] First, a con?guration of each solar cell element 102 
is speci?cally described beloW. 

[0088] It is alloWed to use a solar cell element as long as 
the element has at least a photovoltaic device for generating 
poWer, and a positive-electrode terminal and a negative 
electrode terminal for outputting a poWer from the device. 

[0089] In this case, thin-?lm silicon preferably used to 
increase a solar cell element in area, particularly the case of 
amorphous silicon is described in detail by referring to 
FIGS. 5 and 6. 

[0090] For example, as shoWn in FIG. 5, a solar cell 
element is used Which has a photovoltaic layer 502 formed 
by stacking a loWer electrode layer, a semiconductor layer 
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and an upper electrode layer in mentioned order on a 
conductive substrate 501. It is allowed to omit the loWer 
electrode layer depending on a con?guration of the conduc 
tive substrate. 

[0091] The loWer electrode layer, semiconductor layer and 
upper electrode layer used for the above case are disclosed 
in detail in Japanese Patent Application Laid-Open No. 
H11-186572. Detailed description of these components is 
omitted because they are not essential in the present inven 
tion. 

[0092] When using amorphous silicon for a semiconduc 
tor layer, a pin junction is usually used Which is formed by 
stacking an n-type semiconductor, i-type semiconductor and 
p-type semiconductor in mentioned order from the conduc 
tive substrate side. 

[0093] Moreover, a solar cell element having a compara 
tively-high maximum poWer voltage is also preferably used 
Which is formed into a double or triple con?guration by 
stacking the above pin junction or pn junction up to tWo or 
three layers. 

[0094] Furthermore, it is possible to properly select as a 
method for forming each layer from publicly knoWn and 
publicly used methods such as vapor deposition method, 
sputtering method, high-frequency plasma CVD method, 
microplasma CVD method, ECR method, thermal CVD 
method, LPCVD method and the like. 

[0095] Furthermore, because the conductive substrate 501 
serves as a member for mechanically supporting the photo 
voltaic layer 502, it is also possible to use the substrate 501 
as a common electrode of non-light-receiving surfaces of a 
plurality of solar cell elements. 

[0096] Furthermore, it is preferable to use a conductive 
substrate having a heat resistance capable of Withstanding a 
heating temperature When forming a semiconductor layer. 

[0097] It is possible to use one of the folloWing materials 
as the material of a conductive substrate: metals such as Fe, 

Ni, Cr, Al, Mo, Au, Nb, Ta, V, Ti, Pt and Pb, alloys of these 
metals such as thin plate of brass or stainless steel and 
complex of brass and stainless steel, carbon sheet and 
galvaniZed steel plate. 

[0098] Moreover, it is alloWed to use as a base material for 
the substrate an electrically insulating material or ?lm or 
sheet of heat-resistant synthetic resin such as one of poly 
ester, polyethylene, polycarbonate, cellulose acetate, 
polypropylene, polyvinyl chloride, polyvinylidene chloride, 
polystyrene, polyamide and epoXy. A composite of one of 
the above synthetic resins and one of glass ?ber, carbon 
?ber, boron ?ber and metal ?ber, and a composite of one of 
these thin plate and resin sheets having a metallic thin ?lm 
obtained by vapor-depositing or stacking a different material 
on the surface thereof is used as the substrate. 

[0099] Then, by dividing the photovoltaic layer thus 
formed into a plurality of layers, applying an etching paste 
containing FeCl3 and AlCl3 onto the upper electrode layer 
through the screen printing method so that an effective 
light-receiving range is not in?uenced by a short circuit 
betWeen the conductive substrate and the upper electrode 
layer generated When dividing the photovoltaic layer, heat 
ing and then cleaning the electrode, it is possible to linearly 
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remove a part of the upper electrode layer, form an etching 
line and obtain a photovoltaic device having a desired siZe. 

[0100] Moreover, an insulating double-side adhesive tape 
503 is attached to one side of the light-receiving surface of 
the conductive substrate to form a collecting electrode 504 
on the insulating double-side adhesive tape and the upper 
electrode at a predetermined interval. 

[0101] Furthermore, a light-receiving-surface terminal 
member 505 is attached onto the insulating double-side 
adhesive tape 503 though thermal contact bonding. 

[0102] According to the above steps, the solar cell element 
102 on Which the collecting electrode 504 and light-receiv 
ing-surface terminal member 505 shoWn in FIGS. 5 and 6 
are set is constructed. 

[0103] In this case, a non-light-receiving-surface terminal 
member may be provided on the side of the non-light 
receiving surface of the conductive electrode 501 according 
to necessity. 

[0104] Moreover, When using a non-light-receiving termi 
nal member, it is also possible to improve the collecting 
ef?ciency by setting a non-light-receiving-surface terminal 
member on the Whole non-light-receiving surface in a pec 
tinate or radial pattern. 

[0105] The light-receiving-surface terminal member used 
above is a member for forming a positive or negative 
electrode of a solar cell element by electrically connecting 
With the above collecting electrode. 

[0106] The terminal member is mechanically ?rmly set to 
an etched surface from Which the conductive substrate or the 
upper electrode layer of the photovoltaic device is removed 
by laser Welding, conductive adhesive or braZing so that the 
terminal member electrically has a loW resistance. Or, the 
terminal member is set on a collecting electrode by pressing. 

[0107] It is preferable that the terminal member has a foil 
shape capable of keeping the ?atness of a solar cell element 
and decreasing the resistance of the terminal member. 

[0108] Moreover, it is alloWed to stack a transparent thin 
resin layer on the light-receiving surface of the solar cell 
element 102. Detailed description of components of the 
transparent thin resin layer is omitted because the compo 
nents are not essential in the present invention. 

[0109] In the case of this embodiment, a structure is used 
in Which a solar cell element is protected from an outdoor 
environment by sealing a solar cell element With a Weather 
resistant ?lm, ?ller and back reinforcement and thereby 
fabricating a solar cell module. HoWever, it is also possible 
to set a solar cell element outdoors by using only a trans 
parent thin resin layer depending on the setting style. 

[0110] Moreover, though an amorphous silicon solar cell 
is described above in detail, a solar cell is not restricted to 
the amorphous silicon solar cell. For eXample, it is also 
possible to use a silicon-semiconductor single-crystal-sili 
con solar cell, polycrystal-silicon solar cell, compound semi 
conductor solar cells such as III-V-group compound solar 
cell, II-VI-group compound solar cell and I-III-VI-group 
solar cell. 


















